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Cellular recognition plays a crucial role in
virtually all important biological functions. These
encompass infectious interaction, embryonic development,
immune resporse to foreign antigens and clearance of aged
erythrocytes, etc.. Among the various types of cellular
recognition, complex carbohydrates are thought to be
highly significant in conferring specificity in structures
in which they occur. The specificity results from the
recognition of particular carbohydrate sequence by comple-
mentary sites on proteins, such as lectins and glycosyl
transferase on mammalian cell surface and glycanase on the
spike of bacteriophages. Although our knowledge of these
systems has grown rapidly in recent years, it is clear that
a full understanding of cellular recognition phenomena will
require an integrated and multidisciplinary approach. The
aims of this work are to study the biochemical aspects of
recognition systems which occur in both procaryotic cells
and eucaryotic cells and, through these studies, to
illustrate the unifying role played by complex carbohydrates
in recognition systems which occur in the diverse biological
world. Two recognition systems have been selected they
2are concerned with the clearance of aged erythrocytes and
the specificity of viral glycanase in bacteriophage
infection.
Part I Quantitative and Qualitative Differences Between
Carbohydrates on the Surface Membranes of
Young and Old Erythrocytes
3ABSTRACT
Human erythrocytes of different age had been
.separated by ultracentrifugation according to the
difference in density. Significant changes in size, morpho-
logy and membrane composition between young and old
erythrocytes were observed. Aged erythrocytes showed a
decrease in volume, diameter, surface area as well as
surface area to volume ratio but an increase in thickness.
Morphologically speaking, senescent erythrocytes tended to
change from discocytes with normal biconcave shape into
echinocytes with serrated outline. Carbohydrate analyses
demonstrated the presence of fucose, glucose., mannose,
galactose, galactosamine, glucosamine and sialic acid on
both young and old erythrocyte surfaces with galactose and
galactosamine as dominant constituents, i.e. 60% of total
carbohydrates. Galactose and galactosamine were found to
serve as the subterminal sugar residues adjacent to sialic
acid. There was a 20% decrease in total cell surface
carbohydrate during in vivo aging of erythrocytes.
Compared with young erythrocytes, the density of
4WGA and Con A receptors on aged erythrocytes decreased
about 23%, while that of the UEA- I receptors remained
unchanged. Only the density of RCA II and BPA receptors
was found to increase markedly on aged erythrocyte
surface. Glyceraldehyde- 3- phosphate dehydrogenase and
three other uncharacterized membrane proteins showed a
gradual decrease in quantity during aging. i Iowever, the
desialylated glycoproteins derived from glycophorin A
were detected only from the preparation of aged erythrocyte
membrane.
5I. IITROD1TCTION
There are three phases in the life cycle of the red
blood cell( Berlint et-al., 1975). The first is a brief
period in the order of 5- 7 days, during which the
red cell develops in the bone marrow from its precursor
stem cell.. This is a period of differentiation, hemoglobin-
ization and extrusion of the nucleus. It is followed by
entry into the bloodstream as an erythrocyte, and a
relatively long period (in human approximately 120 days)
in which the red cell circulates in the bloodstream. At
the end of this period there is a brief phase during which
the red cells are removed from the circulation and catabolized
by the cells of the reticuloendothelial system in the spleen
and liver. The fact that red cells of normal people are
removed from the circulation dependent upon cell age,
ra.ther than in.a random manner, demonstrates that the senes-
cence process is a systematic effect related to cell-
age- related. property of the cell( Berlin at al., 1975).
Research in the red cell senescence and clearance is of
more than academic interest because insight into these
problems may tell us more about cellular aging and molecular
recognition in general.
6(a) Physical and biochemical changes with aging in
circulating red cells
When it became apparent that the red cell in human
had a finite life span, a search began for methods to
separate red cells on the basis of age. For if old red cells
could be separated from young red cells, then it would be
possible to determine what changes were occurring as a
result of aging and to correlate these with other findings.
One of the earliest relevant findings was the observation
that the lighter cells, i.e., those at the top of the red
cell column after centrifugation, were relatively enriched
in.reticulocytes and other youn cells and were able to
synthesize labelled hemoglobin from radioiron( Danon
al., 1964). in contrast, the heavier, denser cell fractions
had a higher proportion of old cells. Besides the changes in
density during in vivo aging many biochemical changes were
found to associate with aging of the red cell. In general,
there is a decrease with age in a number of the lipid
constituents and enzymes, while the fatty acids with carbon
number smaller than twenty,'methemoglobin, sodium and
oxygen affinity increase with cell age (Bunn,- 1972).
The increased oxygen affinity is associated with a decreased
7tendency to liberate oxygen to the tissues.
(b) Changes in carbohydrate content during in vivo aging
of-human erythrocytes
In addition to the well- characterized changes in
enzyme activity( Brok, 1966 Oski, 1970 Bunn, 1972)
and lipid content( Prankerd, 1958) which accompany aging
of erythrocytes in vivo, there was some evidence to
suggest that changes in the oligosaccharide chains of the
cell surface also occur. Aged erythrocytes showed a decreased
electrophoretic mobility when compared with a young fraction
of the erythrocyte population( Danon 1971 )..The
decreased surface charge is related to a decreased density
of staining of the cell membrane of old cells with a
positively charged colloidal iron suspension. Since the
surface charge of erythrocytes is largely attributable to
sialic acid( Eylar. .a1., 1962), these results suggest
that aging of erythrocytes is accompanied by loss of
sialic acid. Danon gt al. (1971) had proposed that removal
of sialic acid was a major factor in the elimination of
old erythrocytes from the circulation. It was also observed
that removal of 10-% of the sialic acid from erythrocytes
8of rats( Durocher et al., 1975), rabbits( Gattegno
et 2.1., 197Lf), dogs( Bell, 1977), goats and human
beings resulted in their rapid removal from the circulat-
ion. These observations suggest that there is a possible
relationship between the life span of erythrocytes and
cell surface sialic acid
(c) Similarities between- indings for the removal of
sialoglycoprotein and aged erythrocyte
Ashwell's model( Ashwell -et a2.1 1974) for the
removal of serum glycoprotein is surnr::arized as follows:
(1) Removal of terminal sialic acid residues from serum
glycoprotein results in rapid removal. from the
circulation.
(2) The asialoglycoprotein is recognized and bound by the
liver, transported selectively into the hepatocytes,
and catabolized in the lysosomes.
C3) The penultimate galactose moiety, exposed by the
release of sialic acid, is a specific recognition
signal.
9(4) Clearance is a threshold event in the case of
ceruloplasmin, any molecule deficient in only two of
the ten normally present sialic acid residues is
promptly cleared from the circulation.
C5) A hepatic lectin( Stockert, 1971+) with sugar
specificity towards galactose and galactosamine is
present on the surface of mammalian hepatocytes.
If one compares the Ashy: ell's model for the removal
of asialoglycoprotein with the findings for the clearance
of aged erythrocytes, it is easy to observe that they have
the followin similarities:
(7) Their clearance depends on the removal of terminal
sialic acid residues.
(2) They are all cleared in liver.
(3) Their removal is a threshold event.
With these properties in common, it seems reasonable
to suggest that the subterminal sugar residue adjacent to
the terminal sialic acid on the aged red cell membrane may
serve as a recognition signal for their clearance. Also,
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there maybea mammalian lectin with sugar specificity
towards the subterminal sugar residues on aged cell
surface. If it is true, one would be interested in identi-
fying this recognition signal, i.e, the subterminal sugar
residue.
(d) Role of liver and spleen in the removal of aged
erythrocyte
In human and rats it has. been demonstrated that
liver and spleen are the principal sites for the uptake of
senescent red cells. In normal case, the spleen serves as
the major site of red cell sequestration. In certain clinir,al
situations (e.g. following splenectomy and in some autoimmune
hemolytic anemias) or following the experimental injection
of large quantities of damaged red cells, the liver becomes
an important site of red cell trapping and destruction.
Hepatic red cell sequestration appears to be due to a specific
erythrophagocyvic fraction of Kupffer cells, which can be
identified by distinct enzyme markers and is rich in
microsomal heme oxygenase, the enzyme responsible for the
catabolism of heme to bilirubin (Bissell et al., 1972).
Hepatocytes seem to play no role in the recognition of aged
11
erythrocytes. On the other-hand, mononuclear cells of
spleen represent the cells that can'recognize the aged
erythrocytes.
(e) Purpose of study
The carbohydrate groups of glycoproteins and glyco-
lipids are located on the exterior of the cell membrane of
human erythrocytes (Ghamberg, 1973). Their surface location
is of importance in the agglutination of erythrocytes by
lectins or specific antibodies, and may also be of
significance on the removal of aged cells from the circulation.
The cell surface carbohydrate moieties do not remain
constant throughout the lifespan of the mature erythrocytes
changes in the composition of glycopeptides isolated
from the cell membrane have been observed( Balduini ,al,
1974 Gattegno, 1976). The present work was undertaken
to define the overall changes in composition of membrane
carbohydrates during vivo aging of human erythrocytes
and to identify the nature of the subterminal sugar residues
which probably serve as a recognition signal for the removal
of aged erythrocytes. Lectins, molecular probes for cell
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surface carbohydrates were used. Since the lectins bind
to specific saccharide residues( Sharon, Lis, 1972),
the ability of erythrocytes to bind these molecules is a
reflection of the presence on the cell surface of several
specific carbohydrate structures. Based on the known sugar
specificity of lectins, the group of five lectins used in
this study allowed us to identify almost all types of cell
surface carbohydrate structures. Equipped with iodinated
lectin6, any changes in surface carbohydrates during jn vivo
aging of human erythrocytes could be detected.
'Information' can be stored in the membrane in many
ways( Furthwayr, 1977). It is summarized as follows
(1) Insertion of new proteins or glycoproteins into the
membrane at various stages of development
(2) Qhanges in the number or distribution of a given
molecule
C3) A.ddition of post- translational information by
specific enzymes:Ihich add or remove carbohydrates
from glycoproteins or glycolipids
(4) Removal of proteins from the membrane
SDS- PAGE system had been used in this study in efforts to
13
establish links between the aging of erythrocytes and the
expression of specific macromolecules (glycoproteins or
proteins) on the surface of the membrane. The presence of
such macromolecules their number, arrangement, or
distribution may provide us the molecular basis for studying
the recognition signal for red cell clearance.
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II. MATERIALS AND METHODS
1. Searation of erythrocytes of different age
Each blood sample freshly drawn from normal donors
was collected into heparinized tubes and treated separately.
As the density of erythrocytes is known to increase with
aging, human erythrocytes of different age were separated
on the basis of density differer^9s by ultracentrifugation
(67,000 g, 2 hrs., 400 according to the method of pigas
t 1.(1961). The Beckman spinco L 5-50 preparative
ultracentrifuge with a swinging bucket rotor, type SW-409
was used. The buffy coat and plasma were removed. The-top
and the bottom layers (each representing 5- 10% of the
total volume) of the packed red cells were removed by
gentle aspiration. Erythrocytes of the middle layer were
used as control. The difference of age between the erythro-
cytes obtained from the top and those from the bottom layer
was assessed by comparing the glucose-6.-phosphate dehydro-
genase (E C 1.1.1. 49) and the cholinesterase activities
(E C 3.1.1,7).
2. Determination of cholinesterase activit
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Cholinesterase activity of erythrocyte was determined
according to the method of Ellman (1961). Since the
cholinesterase is on the cell membrane, hemolysis was not
necessary. In order to eliminate the contamination of
plasma esterase, the red cells were washed thrice with
physiological buffered saline; 3 ml of the red cell suspen-
sion was used each time. Changes in absorbance at 412 nm
were recorded for 8 minutes and the cell concentration was
deter:: fined by the hemacytometer.
3. Determination of Glucose -6- phosphate dehvdroenase
activit
G6PD activity of red cell was determined according
to the method of Lohr( 1974). Washed red cells with
final cell concentration of 2 x 106.,per microlitre were
hemolyzed in Triethanolamine buffer (50 mM, p11 7.5)
containing 0.3% digitonin. Changes in absorbance at 340 nm
were recorded for 12 minutes.
4. Determination of the red cell morphology
Young and old erythrocytes after separation by
16
ultracentrifugation were resuspended into the plasma. Blood
smears from the top and bottom layers were prepared. They
were then stained with Wright's stain and examined under
light microscope (Inwood, 1976).
5. Determination of the red cell size
(a) Mean cell volume (MC)
The mean red cell volume was determined by centrifuging
cells in a capillary tube with volume markings, With
the cell number determined by hemacytometer, the mean




RBC in 100 per ul
'(b) Mean cortuscular diameter (MCD)
It was determined by using a microscope eyepiece
fitted with a calibrated ocular micrometer. Each time
100 red cells were measured and the'diameter taken to
be the average diameter of the 100 cells.
(c) Mean corpuscular average thickness (MCAT) and
surface area
They were calculated from the data of MCV and MCD
assuming that the red cell was a short disc (Inwood,
1976)0 ; -
6. Iodination of lectins
lodinated lectins were prepared by procedures
employing the chloramine T - sodium metabisulfite method
as originally described by Greenwood and Hunter (I963) with
modifications.
50 pi of 0.1 M sodium phosphate buffer, pH 7*^1
containing 5 rag lectin (E#Y# Lab.) was added to 100 pi of
0.25 M sodium phosphate buffer, pH 7*^* containing 1 to 2
125
mCi of carrier free Na I. 50 pi of freshly prepared
chloramine - T (10 mg/ml) was added with gentle agitation
and. after 50 sec. at room temperature, 50 pi of freshly
prepared sodium metabisulphite (20 mg/ml) was added to stop#
» •
the reaction. After 10 sec., 0.2 ml of 0.1 M sodium phosphate
buffer, pH 7*^* containing 0.1 % albumin and 1 % KI was added,
5 ul of this reaction mixture was auicklv withdrawn and
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diluted in 0.1 H sodium phcs.phate buffer, p11 7.4, containing
0.7% BSA, to determine the total radioactivity and the
percentage of total radioactivity which had been incorporated
into the protein. Iodinated Con A and RCA-, II were separated
from free iodine by passing through affinity columns, i.e.
Sephadex G-75 for Con A, Bio gel A-.5m for RCA- II. Other
lectins including WGA, BPA 'and 'JEA-- I were purified by
passing through a column of Sephadex G--25 with 80 ml bed
volume. All the iodinated lectL b were then dialyzed for
two days at 40C against several large volumes of 50 mM
Tris-- HC1 buffer, pH 7.5, to remove free iodine and
sugars completely. The fraction of 1251 incorporated into
lectins was determined by the TCA precipitation method'as
described by Chanr. (1976)
7. Lectin binding assay
Binding of iodinated lectin to young and old
erythrocytes were performed according to methods of Phillips
(1976) and Speckart (1978) with modifications. Binding
assays were performed in microcentrifugal tubes which had
been presoaked with I% BSA. Red blood cells, about 5 x 106,
were incubated for suitable time at both 0°C and room
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temperature in 310 imOsI'I Tris- HC1 buffers pH 7.4-,
containing 0.1 ml 1% BSA and 0.8 pg- 20 pg of iodinated
lectin. After incubation, the cells were pelletecl in a
microcentrifuge (Eppendorf high speed microcentrifuge, Mode]
5412) at 15,6oo g for 1 minute. All tubes were washed twic
with 103 ml cold 310 imOsMM Tris- HC1 buffer. For each
concentration of lectin used, controls were included
consisting of cells and lectins plus 30 mM inhibitors, ..e.
a- methylrnannoside for Con A, lV1,tose for RCA-- III N--
acetylglucosanrine for WGA, fucose for UEA- I and N-
acetylgalacto sarnine for BPA. To further reduce nonspecific
binding in all lectin studies, cells were transferred to
a second tube after the second wash. The cell pellets were
counted in a Nucleus gamma counter (Model 1000).
8. Neu_raminidase treatment of young and old erythroey e
Young and old erythrocytes in the cell concentration
of 109 were treated with 0.35 unit- 1.58 unit Vibrio
cholerae neuraminidase (N- acetylneuraminate glycohydrolase
EC 3.2.1.18) in 0.1•M sodium acetate buffer, pH 6, containing
0.3% BSA and 1 mM CaCl 2 for 60 minutes at 37°C. Sialic
acid released was monitored by the method of Warren (1959).
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9. Preparation of red cell membrane
Young and old erythrocyte membranes were prepared
according to the method of Hanahan et al.( 197L+), Red
cells after washing with 310 imOsj'I Tris HC1 buffer,
pH 7.6, were hemolyzed in 20 in0sM Tris- HC1 buffer, -pH
7.6 at 4°C. The ghosts were collected by centrifugation at
40,000 g for 15 minutes at 4°C. A total of 4 5 washes was
necessary before the membrane became colorless.
10. Quantitative and qualitative analyses of cell surface
carbohvdrates
Young and old cell surface carbohydrates were
quantitatively and qualitatively analyzed by gas liquid
chromatoraphy.
(a) Determination of neutral sugars
5 mg of lyophilized membrane was hydrolyzed with
2 ml 3, N HC1 in a ...sealed tube. at 1QO°C- fcr- 90 minutes
( Churchill, 1976). In order to monitor the
destruction of neutral sugar during hydrolysis and the
loss during derivative preparation, 2, umoles arabinose
was added into the sample to serve as internal standard.
A complete set of five neutral sugars including fucose,
arabinose, glucose, mannose, galactose was hydrolyzed
under the same condition for the quantitation of cell
surface carbohydrate.
In order to remove the charged impurities, the
hydrolyzate was passed through a column containing 1 g
+
Dowcx 30 (H ) and finally through a small amount
(50 mg) of Dowex 1 x 8 (200 - *f00 mesh, HCO ~ form).
The neutral sugars were then converted to alditol
acetates according to the method of Kim ( 1967 )•
The samples were analyzed by a Varian gas chromatogranh
(Model 3700) equipped with a dual flame ionization
detector, matched steel columns (8*f by 1/8 inch) packed
with 3 % (wt/wt) ECNSS-M on 100/120 mesh Gas Chrom Q.
The whole determination was done isothermally at 173°C
with nitrogen as carrier gas.
(b) Determination of amino sugars
7 mg of lyophilized red cell membrane was hydrolyzec
at the above - mentioned condition. The hydrolyzates
v/ithout passing through ion - exchange columns we re
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rotatorily evaporated. The hydrolyzed amino sugars
were converted to aiditol acetates and analyzed by
g.l.c. with steel. columns packed with 3% poly A--103
on 1001120 mesh Gas Chrom Q. The temperature for the
whole analysis was 230°C„ Man.nosamine was selected as
internal standard for the quantitation of amino sugars
(Niedermeier et al. 1974).
(c) Determination of sialic aciu
Sialic acid was hydrolyzed according to the method of
Codington (1976), i.e. in 0.05 N H2S04 at 800C for 1
hour.
The liberated sialic acids were separated from the
impurities by the method of Schauer et-- al..( 1978).
and assayed by thiobarbituric acid method. of Warren
(1959). A standard curve containing 2.5 to 20 dug of
sialic acid was prepared.
11. High resolution SDS-- polyacrylamide grl electrophoresis
and molecular weight determination of membrane proteins
Freshly prepared erythrocyte membranes were diluted
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(1: 1, vol/vol) with dissociating solution containing
0.125 M Tris- HC1 buffer, pH 6.81 2% SDS, 2%
mercaptoethanol, 20% glycerol and 0.004% bromophenol
blue. After boiling for 2 minutes, 20 ul of the mixture
was applied to each gel slot of 7.5% acrylamide/SDS slab
gel. Electrophoresis was performed according to Epstein -et
al. (1974). The gel apparatus used was constructed as
described by Reid and Bieleski (1968). After the run, the
gels were stained with Coomassie Brilliant Blue for proteins.
For the studies of glycoproteins, PAS-- Schiff stain was
performed according to the method of Glossmann at al. (1971).
In order to compare the PAS- positive bands with
Coomassie Brilliant Blue- stained bands, the fluorescent
stain of protein by 8-- anilinonaphthalene- su:! fonic. acid
(ANS) was used after PAS staining (Hartman, 1969). The
molecular weights were determined by relative mobilities
upon the same 7.5% SDS PAG with the: following proteins as
molecular weight standards: Rabbit skeletal muscle
phosphorylase b (92,500), Bovine plasma albumin (67,000),
Egg albumin (k5,.000), Pepsin (31i,700), CO:1 A (27,500),
Bovine pancreatic trypsinogen, PMFS-treated (24,000).
24
III. RESULTS
1. Separation of erythrocytes of di Lerent agge
Human erythrocytes of different age were separated
by ultracentrifugation. Young and old erythrocytes obtained
from the top and bottom layers were monitored by comparing
the cholinesterase and glucose-6-phosphate dehydrogenase
activities. The results (Table 1) demonstrated that
cholinesterase and glucose-6-phosphate dehydrogenase
activities were significantly higher in the top layer than,
in the bottom layer. This suggested that, on average, young
cells were obtained from the top layer and old cells from
the bottom layer.
2. Size determination of human erythrocytes of different age
Mean corpuscular volume (MCV), mean corpuscular
diameter (MCD), mean corpuscular average-thickness (MCAT)
and surface area of young and old erythrocytes were
determined and summarized in Table 2.
Results shown in Table 2 demonstrated that old
25
Table 1 Separation of young and old erythrocytes
as monitored by decrease in enzymatic activities
Cells Cholinesterased Glucose--6--phosphate
dehydrogenaseb
Top layer 1.7 0.2L21.2+3









observed P 0.001 P 0.001
between top
bottom lavers
* Relative activities were expressed by the following equation
enzymatic activity of the bottom layer
x 100
enzymatic activity of the top layer
a Results were expressed in unit per 1010 red cells, as
mean S.D.. One unit of enzyme hydrolyzed 1 mole of
acetylthiocholine per minute at 25°C, pH 8.0.
b Results were expressed in unit per 1010 red cells, as
mean +S D One unit reduced 1 umole of NADP under
specified conditions.
Table 2 Mean corpuscular volume (MCV), mean corpuscular
diameter (MCD), mean corpuscular average thickness (MCAT),
















Top layer 88.4611.88 8.3710.93 1.61±0.0J4 1.52x1010 1.78x10"'''
Bottom
layer
81.6910.29 7.0410.86 2.09I0.076 1.24x1010 1.52x10
Normal
ran me
a85± 5 a7.2i 5 a2.11 4bi.36x10l0 1.6 x 10^
Relative
percentage
92 8 k 130 82 8b
* Relative percentage was expressed by the follov/ing equation :
Value of the bottom layer
Value of the ton layer
X 100
0
Data obtained from Inwood ( 1976 )e
0 Data obtained from Weinstein ( 1978 )9
27
erythrocytes had a decrease in cell volume, cell diameter,
cell surface area and surface area to volume ratio, but, an
increase in cell thickness. Old cells tended to be more
spherical in shape as compared to young cells.
3. vvho1Q 3ical changes of human erythrocytes of
different age
Young and old erythrocytes separated by ultracentri-
fugation were resuspended in plasma and their morphology
was studied under light microscoe b
Figure 1 a demonstrated that young erythrocytes were
in the shape of biconcave discs no morphological
abnormalities could be observed. On the contrary, not only
discocytes (normal biconcave red cells) but also 12%
echinocytes (crenated red cells, i.e. red cells having a
serrated outline, with small projections more or less
evenly spaced over the circumference) could be observed
from the blood smear of old erythrocytes. Figure 1 b
.demonstrated the discocyte- echinocyte transformation at
various stages observed in the blood smear prepared from
old erythrocytes.
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Fig. 1 (a) Morphology of young erythrocytes. Young
erythrocytes, in shape of biconcave disc with
smooth circumference, were prepared by ultra-
centrifugation method as described in the text.
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Fig. 1 (b) Morphology of old erythrocytes. They were at
different stages of discocyte- echinocyte
transformation. 0, old erythrocyte in shape of
biconcave disc with smooth circumference.
El (a), echinocyte stage 1, characterized by
irregularity of edges. El (b), echinocyte stage 1,
more obvious angulation of edge. E2, echinocyte
stage 2, characterized by spicules on a flat cell.
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4. Neurarninidase treatment of young and old crythrocytes
Human erythrocytes (about 1010 cells) were incubated
with different units of cholerae neuraminidase
(EC 3.2.1.18, Calbiochern.) at 37°C for 1 hour. Results
shown in Figure 2 demonstrated that 0.35 units of neuraminim
dase were enough to release'sialic acids completely from
red cell surface.
5 iodination of lectins
Five highly purified lectins (E.Y. lab.) were
iodinated by the chloramine T- sodium metabisulfite method,
lodinated Con A and RCA- II were separated from free iodine
by passing through affinity columns (i.e. Sephadex G-75
for Con A and Biogel A_5m for RCA- II). Figure 3 showed the
elution profile of iodinated Con A from a Sephadex-G-75
column. The 1251- con A and 1251- RCA retained their
binding properties as demonstrated by their ability to be
adsorbed into Sephadex or Biogel A columns and eluted by
their specific ligands. Other three lectias, including
WGA, BPA and UEA- I. were separated from free iodine by
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Fig. 2 Release of free sialic acid from human erythrocytes on
• treatment with 0.35unit to 1.6 unit Vibrio cholerae
neuraminidase at 37°c for 60 minutes in CaCl^/acetate
buffer. The released free sialic acids were determined
by the thiobarbituric acid method (See text for
experimental conditions).. The absorbance was calculated
from the following equation :
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Fig. 3 Separation of iodinated Con A from free iodine by affinity
chromatography. Iodinated Con A v/as adsorbed to column
(0.6 by 13 cm) of Sephadex G-75 in 0.1 K sodium phosphate
buffer (pH 7*z0 containing 1 raM CaCl^, 1 mM MgCl^ and
0.1 % BSA. The effluent v/as monitored for radioactivity
in a gamma counter. Adsorbed material v/as eluted with
0.3 M OA- Me thyImanno side in the same buffer. Each fraction






Eig. k Separation of iodinated WGA from free iodine by
Sephadex G~2f?» Iodinated WGA was applied to a column
( 1 by 25 cm ) of Sephadex G-25 in 0*1 M sodium
phosphate buffer ( pH ) containing 0.1 % BSA.
125
The effluent was monitored for radioactivity
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elution profile of iodinated V/GA from a Sephadex G-25
column. All the iodinated lectins, after separated from
free iodine, were dialyzed against 50 mM Tris - HC1 buffer,
pH 7.5. The incorporation of radioactivity was followed by
precipitation of the protein with 10 % trichloroacetic acid
for counting. Table 5 showed the percent incorporation (I),
specific activity (S.A.) and recovery of these five
iodinated lectins.
6. Conditions for lectin binding assays
(a) Temperature
The temperature effect on lectin binding assays was
summarized in Table The results demonstrated that
both young and old erythrocytes tended to bind more
lectins at higher temperature. Since this effect was
observed for all five lectins studied, it reflected that
endocytosis and increase of membrane lipid fluidity
which occurred at higher temperature (37°C) caused the
increase in lectin uptake into"the cell.
(b) Time
The binding of the five iodinated lectins tc
Table 3 r£he percent incorporation (I), specific




























Tnhle 4 Temperature effect on lectin binding assays
Lectin Cell
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erythrocytes at CuC for different incubation time
had been studied. The results (Figure 5) demonstrated
that continued incubation caused a slow increase in
1251_ lectin associated with cells. Preincubation of
cells with sodium azide did not stop this slow increase
in binding. This suggested that the endocytosis was
not the only phenomenon responsible for the increase
in lectin binding, The optimal incubation time for the
five lectins were selected from Figure 5 and summarized
in Table 5.
r. Lectin binding.studies
Binding studies with five radiolabeled lectins were
performed on both young and old erythrocytes at 0°C for
either 20 or 30 minutes as shown in Table 5. The results
were plotted according to the method of Steck and Wallach
(1965) and Meyts (19 76•). By this technique, the intercept
on the ordinate was used to calculate the number of lectin
binding sites per cell and the intercept on the abscissa was
a measure of the affinity of the erythrocyte receptor's for
the lectin. Binding studies of the five lectins to
erythrocytes were presented in Table 6 which compared the
mean(± S.D.) number of lectin binding sites on young and
39
Fig. 5 Time effect on lectin binding,. Iodinated lectins
were incubated with 4 x 106 human erythrocytes at
0°C from 5 minutes to 60 minutes. Cells were washed
twice with buffer and harvested by rnicrocerltrifuge
method as described in the text. The radioactivity
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Fig. 5 (a) Time effect on BPA binding. 1.5 pg BPA wa£
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old erythrocytes. Compared with young erythrocytes, old
erythrocytes carried a decreased number of receptors for
three lectins including VIGA, UEA- I and Con A. On the
contrary, the number of RCA- II and BPA on old erythrocytes
were increased significantly up to 2 e 3 fold above that on
young erythrocytes.
The affinities of the erythrocyte receptors for the
various'lectins did not change Significantly in both young
and old cells (although the binding affinity in certain
individual experiments did show some variations between
young and old erythrocytes, the mean association constant,
Ka, for each lectin was not significantly different in the
young and old cells (data not shown)). Thus, the decreased
lectin binding.by old erythrocytes was the result of the
loss of lectin receptors during in vivo aging. By contrast,
the increased number of RCA- II and BPA binding sites on
old cell surface suggested that the terminal sialic acids
bound to glycoprotein or glycolipid, which were present on
cell surface, were removed and the subterminal. galactose
and gala.ctosamine residues were consequently. exposed.
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Table 5 Optimal incubation time for lectin
binding assays








































































Molecular weights of lectins used for calculation were listed as
follows : V/GA 36,000 ( Nagata est al., 197^; Pice t 1.97*K )
RCA-II 60,000 (Nicolson, 197^ ) BPA 193,000 ( Gsawa , 1978 )
1
DEA-I 70,000 ( Matsurapto., 1969 ) Con A 110,000 (Mckenzie et al..
1972 ).
%8. Density of lectin - binding sites
Since erythrocytes, during in vivo aging, showed a
marked decrease in mean cell size, we wish to determine whether# i
the decreased number of lectin receptors on old erythrocytes
was due to the altered density of receptors on the cell
surface or simply due to the decreased surface area of old
erythrocytes. The mean cell volume determined by centrifuging
cells into a capillary tube with volume markings was used to
calculate the mean surface area of young and old erythrocytes.
The mean surface area of old erythrocytes decreased about 18 %,
*10 o2 io
dropping from 1*52 x 10 A in young cells to 1.2A- x 10
2^" in old cells. These values were used to calculate the
density of lectin receptors on young and old erythrocytes
(Table ?)• The data in Table 7 demonstrated that density of
receptors for both V/GA and Con A was decreased in old ery¬
throcytes. By contrast, density of BCA - II and BPA
receptors in old erythrocytes increased significantly up to
2-3 fold above that of young erythrocytes. On the other
hand, the density of UEA - I receptors on old erythrocytes
remained unchanged. Despite the unchange in density of
UEA - I receptors on old cell surface, it was clear that
Table 7 Density of lectin receptors on young and old
erythrocyte surface
Lectin Cell Lectin molecules
bound/ 105 8
( + S.D. )
Relative
percentage












































Surface area of young and old erythrocytes in Table 2 and data
in Table 6 were used to calculate the density of lectin binding
ri io5 $ Riirfar.fi area.
in vivo aging induced a complex alteration of erythrocytea
topography.
9• Lectin binding; studies on neuraminidase treated young
and old erythrocytes
Young and old erythrocytes were treated with Vibro
cholerae neuraminidase# The complete release of sialic
acid v/as monitored by determining the free sialic acid in
the supernatant by the method of Y/arren (1959)*
The number of lectin binding sites on young and old
cell surface before and after neuraminidase treatment was
summarized in Table 8# The results suggested that little or
no glucose, mannose or fucose was linked adjacent to sialic
acid. However, the neuraminidase treated young erythrocytes
specifically bound 6#*f times as many RCA - II molecules as
did untreated cells# This indicated that galactose and
galactosamine usually served as the subterminal sugar
moieties adjacent to sialic acid. Since the neuraminidase
treated old cell possessed similar number of RCA - II receptor*
as neuraminidase treated young cell, the results indicated
that during in vivo aging of erythrocytes, the increase in
Table 8 Number of lectin binding sites on young and old
erythrocyte surfaces before and after neuraminidase treatment
Lectin molecules bound/cell
x 10"° ( +S.D. )
P of the difference
observed between




















































Difference between neuraminidase treated cells and controls
was statistically insignificant by the Student's t - test.
52
RCA- II receptors was due to the removal of terminal
sialic acid which masked. the subterminal galactosyl
residues. If the increase in RCA - Ii receptors was due to
the synthesis of new glycoproteins or glycolipids with
galactosyl moieties as terminal or due to modifications
of glycoproteins or glycolipids by addition of galactosyl
residues to the terminal position of the carbohydrates by
specific enzymes, the number of RCA - II receptors on
neuraminidase treated old erythrocytes should be higher
than those on neuraminidase treated young cells. However,
our observations did not support these suggestions.
10. Quantitative and qualitative analyses of surface
carbohydrates on young and old erythrocyte membranes
N- acetylneuraminic acid was measured by the method of
Warren. All other carbohydrates including neutral sugars and
amino sugars after their conversion to alditol acetates were
determined by gas liquid chromatography. Mean,± S.D. was.
for 4- 5 preparations. For each preparation, 5 gas
chromatographic. runs were made. The resu]ts were expressed
as n.moles carbohydrate per mg membrane protein. The
carbohydrates including sialic acid, glucose, mannose,
galactose, fucose, glucosamine.and galactosamine were found
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to be present on erythrocyte membranes. Membrane proteins
were determined according to the method of Markwell.,
(1978).
(a) Neutral sugar determination
Neutral sugars present on the cell surface were
hydrolyzed by acid and converted-to alditol acetates.
The specimens were analyzed in a Varian (Model 3700)
dual column gas chromatograph equipped with flame
ionization detectors and a 1/8 in, by 7 ft. steel
column packed with 3% ECNSS-M on. 100/120 mesh Gas
Chrom.Q (Applied Science lab., College Station, Ohio).
The relative retention times and relative molar
response factors of the flame ionization detectors to
neutral sugars were presented in Table 9. They were
parameters of significance for quantitative and
qualitative analyses. Arabinose was used as the internal
standard. The quantitative results of neutral sugar
analyses of young and old erythrocyte membranes were
given in Table 10. Fucose, glucose, mannose and galact-
ose were detected from preparations of both young and
old erythrocyte membranes. Glucose detected in membrane
preparations was a true constituent of membrane
Table 9 Relative retention times ana relative molar
response factors of neutral sugars
Neutral sugar Number of
experiment
Relative retention























Table 10 Neutral sugar content of young and old erythrocyte
membranes
Neutral suprar Number of
experiment



































Relative percentage was calculated by the following equation :
Neutral sugar detected on old erythrocyte membrane
Neutral sugar detected on young erythrocyte membrane
X 10C
Results were presented in nmole/mg membrane protein.
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carbohydrates rather than artifacts. Evidence supporting
this conclusion was summarized as follows
(1) Sialoglycoproteins (glycophorin A) of human erythrocytes
purified by WGA- affinity chromatography were found to
contain glucose as constituent (Kahane et al.
1976).
(2) Weiss (1971) isolated a low molecular weight glycopeptide
d
from human erythrocyte membrane. This glycopeptide
contained a trigiucose unit which was covalentlJ linked
to the cysteine residue of the peptide.
Among the neutral sugars, galactose was found to be present
in large quantity. It was also observed that aged erythrocytes
tended to have a decrease in neutral sugar content compared
with young cells. It was universally true for all four
neutral sugars detected on cell membrane.
(b) Amino sugar determination
Derivatives of amino sugar were analyzed in a Varian gas
chromatograph, Model 3700, equipped with a 1/8 in. by 6 fto
steel column packed with 3 % Poly A-103 on 100/120 mesh
Gas Chrom Q (Applied Science lab., College Station, Ohio).
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Mannosamine was selected as the internal standard„
The relative retention times and molar response
factors to three hexosarnines including glucosamine,
galactosamine and mannoeamine were presented-in Table
11. Table 12 showed the amino sugar content of both
young and old erythrocyte membranes. Both glucosamine
and galactosamine could be detected from preparations
of young and old cell membranes. The results suggested
that aged erythrocyte membrane decreased in amino
sugar content as compared with young cell membrane.
(c) Sialic acid determination
Sialic acid was deterniia`d by the .nethod of Warren
after its release from erythrocytes by acid hydrolysis.
The.data were presented in Table 13. The oldest and
densest cell fractions consistently showed a sialic
acid content which was lower by approximately 11+%
than that of the cells at the top of the fraction.
11. high resolution sodium dodecylsulfate- polyacrylamide
gel electrophoresis of-membrane proteins
(a) Total membrane proteins
Table 11 The relative retention times and molar
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Relative percentage was calculated by the following equation :
Neutral sugar on old erythrocyte membrane
Neutral sugar on young erythrocyte membrane
X 100
Results were presented in nmole/mg membrane protein.
Table 1J Sialic acid content of young and old
erythrocyte membrane









Difference between young and old erythrocytes was
statistically significant ( P &lt; 0.005 ) by the Student's
.t - test.
Results were presented in nmole/mg membrane protein.
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Heparinized female blood after ultracentrifugation
was divided into nine fractions from which ghost were
prepared. SDS-PAGE was performed in gels containing
7.5% acrylamide. The gels were stained for proteins
with Coomassie Brilliant Blue. All-the samples applied
to gels were in the same quantity. Figure 6 compared
the protein patterns obtained from fractions 1, 3, 5,
7 and 9 using SDS-PAGE. At least forty protein bands
culd be resolved under the high resolution SDS-PAGE
system with apparent molecular weights varying from
18,000 to about 280,000. There were 7 major bands with.
apparent molecular weights of 260000, 200,000, 90,000
78,000, 42,000, 37,000 and 30,000. They were numbered
according to the classification of Fairbanks (1971).
It could be seen that protein 6 which was a major
component in the youngest membrane fraction (Fraction 1),
appeared to decrease gradually in other membrane fract-
ions. Three other protein bands which could be observed
in Fairbanks' preparation also showed a tendency to
decrease in amount from the youngest membrane fraction
(Fraction 1) to the oldest membrane fraction (Fraction
9). We numbered them here as protein bands 8, 9 and 10













F9 F7 F5 F3 F 1
Fig. 6 Separation of the major membrane proteins from human-
erythrocytes of different age by SDS-polyacrylamide gel
electrophoresis. Human erythrocytes were centrifuged at
67,000 g for 2 hrs. at 40C. The resulting red cell column
was divided into 9 fractions and ghost were prepared from
each as described in Materials and P'lethods. Equal amount
of membrane protein was applied to each gel slot and
electrophoresis was performed at 3 mA per gel slot for 2
hrs.. The numerical nomenclature of protein bands from 1
to 7 was adopted from Fairbanks (1971). Protein bands 6,
8, 9 and-10 showed a gradual decrease in quantity from
fraction 1 (the youngest erythrocyte membrane) to fraction
9 (the oldest erythrocyte membrane).
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29,000. Figure 7 compared the protein pattern from
the youngest membranes with those of the oldest
membranes. This demonstrated more clearly the protein
changes during in vivo aging of erythrocytes.
(b) Membrane glycoproteins
Membranes obtained from the youngest fraction and
the oldest fraction of two blood donors were analyzed
by SDS-PAGE. The gels were stained for glycoprotein,,
with periodic acid- Schiff staining. Figure 8 showed
the four sugar- containing bands with the apparent
molecular weights of 83,000, 57,OOO, 44,000 and 24,500.
They were named according to the method of Fairbanks
(1971). Although PAS 2 and PAS k were detectable, they
were present in small quantity.
It was interested to note that a new sugar-containing
band was observed to be present only in the membranes
from the oldest cell fractions with mobility slightly
lower than PAS 1 band. It was named here as PAS 1.2.
In addition, two faint bands with mobility lower than
PAS 3 were found to be present in all. membrane














Fig. 7 Comparison of the protein patterns from the youngest
membranes (fraction 1) with those of the oldest membranes
(fraction 9). SDS - PAGE was performed at 3 mA per gel
slot for 2 hours.
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Fig: 8 Comparison of the glycoprotein patterns from the
youngest membranes (fraction 1) with those of the
oldest membranes (fraction 9). The blood samples were
obtained from two individual blood donors. The
numerical nomenclature of glycoprotein bands was
adopted from Fairbanks (1971). A new PAS 1.2 band was
observed in the oldest membranes. Two faint bands
which were barely visible were shown at the position
of PAS 2 and PAS 4.
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(c) Comparison between the carbohydrate- containing bands
and the protein bands in SDS- slab gel
Since it was not possible to determine which band
in Schiff - stained gel corresponded to a band in the
Coomassie blue - stained gels because of the complicated
pattern and the slightly different swelling of the gels,
8- anilinonaphthalene- sulfonic acid (ANS), a
fluorescent dye, was used to visualize the protein bands.
PAS 1 with the highest Schiff staining intensity
was found to fall on neither III nor IV but in the
lucent zone between them. The lesser PAS - positive,
bands likewise failed to coincide with any prominant
bands stained with'Coomassie blue. This property
indicated that the glycoproteins had a high carbohydrate
content.
IV. DISCUSSION
1• Changes in enzymatic activities, size and morphology
during in vivo aging of human erythrocytes
„ The aged erythrocytes were found to decrease not
only in glucose-6-phosphate dehydrogenase and cholinesterase
activities, but also in the mean cell volume (MCV), mean
cell diameter (MCD), surface area and surface area to
volume ratio. These changes were closely related to the
#
abnormal morphology observed in aged erythrocytes. •
Erythrocytes obtain energy from the metabolism of
glucose. Two pathways are for this metabolism; namely, the
Embden - Meyerhof pathway of glycolysis and the hexose
monophosphate oxidative pathway ( Brewer, 197^ )• Many
enzymes interact in these pathways to produce enough
energy to maintain the normal functions and morphology of
erythrocytes. Up to present, most of them, such as
pyruvate kinase, hexokinase were known to decline in acti¬
vities during in vivo aging of erythrocyte ( Brok o± jal.
1966 ). Among these enzymes, glucose-6-phosphate dehydro¬
genase is the enzyme that catalyzes "the- first step for the
entry of giucose~6~phoephatc into the hexose monophosphate
pathway. Its decline in activity (also other glycolytic
enzymes) may cause a decrease in energy in the form of ATP.
Since Brecher ( 197^ * observed that red cell might have
abnormal morphology (in form of echinocyte) with low
intracellular ATP content, the depression of ATP level
consequently results in inducing aged erythrocyte to change
morphologically from discocyte (red cell with normal bicon¬
cave shape) into echinocyte (red cell with serrated outline).
Other factor that will lead to discocyte - echinocyte
transformation in aged erythrocytes is the reduction of
surface area, to volume ratio. The biconcave shape of the
normal red cell is due to an excess of membrane surface area
relative to volume. This redundancy of membrane permits the
red cell to have greater surface area to contact with
dissolved oxygen. However, reduction in the surface to volume
ratio in aged erythrocytes may increase the level of
deoxygenated hemoglobin. Bunn (1971) a&amp;d LaCelle (1970)
observed that deoxygenated hemoglobin would bind free ATP.
When senescent red cells enter the spleen or liver, aeoxy-
genation of the cell may further lov/er its ATP concentration
to the point v/here cells may have discocyte - echinocyte
transformation. Since there were only 12 % echinocytes
which could be observed in the oldest erythrocyte fraction,
it is not surprised that echinocytes could escape from
detection in normal blood smears.
2• Changes in membrane protein profile in young* and old
erythrocytes
(a) Total membrane protein
In order to minimize artifacts caused by nonspecific
adsorption of cytoplasmic proteins to red cell
membrane, a series of ghosts of different age were run
simultaneously in the same SDS - slab gel. The results
demonstrated that aged cell membranes had a gradual
decrease in- protein 6,8, 9 and 10. Protein 6 was
characterized as glyceraldehyde-3-phosphate dehydro¬
genase ( Tanner al., 1971; Steck, 197^; Marchesi et
al# , 1976; Furthmayr, 1977 ). G-3-PD was known to decrease
in activity during in vivo aging ( Oski, 1970; Bunn,
1972 )• Whether this decline in activity was due to
decrease in the number of enzyme molecules or due to
changes in kinetic properties of the enzyme is still
unknown. Our data strongly suggested that decrease in
the number of enzyme molecules v;as the main factor
*
causing declined activity in aged erythrocytes. Although
proteins 8, 9 10 also appeared to decrease in
amount during in vivo aging, the significance of their
decrease could not be recognized yet.
(b) Membrane glycoprotein
There was an extra PAS - positive band in aged erythro¬
cyte membrane with mobility slightly lower than PAS 1 band.
PAS 1 was recognized as the major sialoglycoprotein
present in red cell membrane. It is consisted of two
glycophorin A monomers (Kahane, 1976; Tomita, 1975)*
Fairbanks (1971) observed that treatment of the ghost
glycoprotein with neuraminidase resulted in generating a
new PAS-positive band with mobility lower than PAS-1. This
observation strongly suggested that the extra PAS-positive
band observed in aged erythrocyte membrane represented the
asialoglycoproteins. Since this band was difficult to
detect in young erythrocyte membrane, the result
indicated tha.t only aged erythrocytes possessed these
asialoglycoproteins. From the mobility of this aging
dependent PAS band, it was suggested to represent the
asialoglycophorin A in dimeric forms.
3• Changes in surface carbohydrate content of human
erythrocytes during in vivo aging
(a) Total cell surface carbohydrates
Compared v/ith young erythrocyte membrane, aged
erythrocyte membrane showed a 20 % decrease in neutral
sugars, 23 % decrease in amino sugars and 1^ % decrease
in sialic acid. The loss of sialic acid was substantially
greater than the total lipid bound sialic acid of
erythrocytes, which amounted to no more than 2.3 % of
the total erythrocyte sialic acid (Baxter, 1.975)*
Thus, although old cells were known to be deficient in
lipid (Prankerd, 1958), this alone could not account
for the diminished content of sialic acid. Therefore,
sialic acid must be lost from erythrocyte glycoprotein.
This conclusion is supported by the observation of
Balduini ejb al. (197*0 and Gattegno et_ al. (1976) that
glycopeptides isolated from membranes of aged erythro¬
cytes showed significant decreases in sialic acid when
compared with glycopeptides from young cells. With the
decrease in lipid (Prankerd, 1958), protein, carbohydrate
and surface area in aged erythrocytes, it is possible
that, during in vivo aging, segments of membranes
are pinched off as the red cells are squeezed
through small vascular apertures.
(b) Lectin binding studies
Our data demonstrated that after correction for the
decrease in surface area in aged erythrocytes, the
density of V/GA and Gon A receptors decreased 26 % and
22 % respectively, while that of UEA - I receptors
remained unchanged. By contrast, RCA - II and BPA
receptors increased significantly up to 2 or 3 fold
above that of the young cells. Since mature erythro¬
cyte has already lost its nucleus, RLA, endoplasmic
reticulum and ribosome during maturation (Invood,
19?6), it is impossible for the aged erythrocytes to
synthesize new glycoproteins or glycolipids bearing
galactose or galactosamine residues as terminal sugars.
The possible explanation is that sialoglycoproteins and
glycolipids on aged cell surface have their terminal
sialic acid removed. The removal of sialic acid
» •
results in exposing the subterminal galactose or galact¬
osamine residues. This suggestion is reasonable
because we can quantitatively determine the number of
glycoprotein or glycolipid molecules with sialic acid
as terminal residue and galactose or galactosamine as
subterminal moiety. Lectin binding studies for neura¬
minidase treated young and old erythrocytes shoved that
galactose and galactosamine could serve as subterminal
sugar adjacent to sialic acid, i.e. in form of structure
I or II s
Sialic acid - galactose - X -
Sialic acid - galactosamine - Y -
structure I
structure II
Since VGA could bind to receptors with glucosamine
or sialic acid as terminal residues (Greenaway-et
al., 1973)i neuraminidase treatment of erythrocyte
membrane could not inhibit its binding to glucosamine
residues no matter they are originally present as terminal
residues or newly exposed after removal of terminal sialic
acid. The decrease in VGA binding in neuraminidase treated
young cell suggested that there should be 3*7^ x 10
glycoproteins or glycolipids with type"I or type II
structure. In other words, hundred percent removal of
'6
terminal sialic acid resulted in exposing 3*7ff"X 10 nev;
receptors for RCA- II. The number of RCA - II binding
sites on neuraminidase treated' young erythrocytes was
g
*f.76 x 10 (determined from RCA - II binding assay)* Since
6
0.75 x 10 RCA - II binding sites were already present on
young cell surface, neuraminidase treatment of young
g
erythrocytes resulted in exposing k x 10 RCA - II binding
sites. This value is quite consistent with the predicted
g
value (3*7^ x 10 ) calculated from the WGA binding studies.
Models for removal of aged erythrocytes
Up to now, only a few plasma membranes have their
carbohydrate content analyzed in detail. They are plasma
membranes from rat ascites hepatoma (Shimizu et al_. , 1970)
and mouse fibroblast (Glick, 1970)&lt;. The content of galactose
and galactosamine in these membranes were found to be approx¬
imately 40 °/o of the total carbohydrates. Yet in the membrane
of human erythrocyte, galactose and galactosamine represent
60 % of total carbohydrates. It is interested to ask why
membranes of human erythrocytes are rich in galactose or
galactosamine. Comparing the results of lectin binding with
that of total carbohydrate analyses, one might find that most
of the galactosyl residues are not in the terminal position
on the young cell surface, i.e. they are masked but become
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exposed in aged erythrocytes. Why?
We proposed that the occurrence of large quantity
of galactosyl residues on erythrocyte surface is not a random
event but is an ingenious design in biochemical recognition.
Galactosyl residues serve as a signal for the macrophages
and mononuclear spleen cells to distinguish the mature self
from the senescent self.
Two principal mechanism had been proposed for the
natural senescence of erythrocytes( Eaton, 1974 Danon,
1971):
(a) A slow decrease in metabolic activity of the erythrocytes
attributable to the progressive denaturation of erythrocyte
and
(b) A progressively decreasing intracellular reductive
potential resulting in the erythrocyte's inability to
prevent the oxidation and denaturation of hemoglobin with
the formation of Heinz bodies. These changes result
in a sluggish erythrocyte with increased membrane
rigidity. It had therefore been proposed that the normal
senescent erythrocyte does not tolerate.. well during
passage through the capillary microcirculature
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and is ultimately sequestered within the liver and
spleen.
The first proposal is not well accepted because
falling levels of various enzyme activities will not be
significant unless they become rate limiting. Moreover, the
presence of such a critical enzyme is still unknown. It
is also much more difficult to imagine that the macrophages
or mononuclear spleen cells are able to titrate the level of
enzymatic activity with the red cell and thus recognize it
as young or old.
The second scheme is also inadequate for us to accept.
It involved a passive mechanism of elimination which should
be equally applicable within the capillaries of any organ,
and yet the accumulated data suggested direct involvement of
the spleen and liver only. This model still could not explain
the phenomenon that neuraminidase treated erythrocytes
without any increase in rigidity were promptly removed from
circulation.
We proposed that sialic acid serves as a molecular
shielding to mask the subterminal galactosyl residues. As
young erythrocytes circulate in the blood stream, they
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become exposed to the serum, neuraminidase. The longer the
time they exist in the blood stream, the more the amount of
sialic acids will be removed from the cell surface. This
leads to the exposure of the subterminal galactosyl residues.
Clearance is a threshold event. When 10 to 15% of sialic
acid is removed., the number of newly exposed penultimate
galactosyl moieties is enough to be recognized by Kupffer
cells of liver and mononuclear cells of-spleen. They possess
such m ability to recognize the exposed galactosyl residues
on senescent erythrocyte surface because they have mammalian
lectins present on their surface with the sugar specificity
of galactose or galactosamine. Once the senescent erythrocytes
are captured by Kupffer cells or mononuclear spleen cells
through the lectin - galactosyl residues interaction,
senescent erythrocytes will be phagocytized and digested
completely.
Additional evidence supporting our hypothesis is
summarized as follows
(a) Aminoff (1977) observed that only neuraminidase treated
rat erythrocyte could form rosette with isolated liver
macrophage and spleen mononuclear cells.
(b) Kolb (1978) observed that rosette formation between
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neuraminidase treated erythrocyte and Kupffer cell could
be selectively inhibited by N.- acetyl- D- galactosamine,
D- galactose, fucose and lactose but not inhibited by
any other sugars. Since fucose is 6-- deoxygalactose,
these data indicated that there is a mammalian lectin
on the surface of Kupffer cell with the sugar specificity
of galactose or its derivatives.
With the high content of galactose and galactosamine
present on ery 'Chrocyte surface, it is not surprised why
galactosyl residues but not other sugars are selected as the
recognition signals.
This proposed system for the elimination of mammalian
senescent erythrocytes shows a remarkable analog to the
turnover of asialo-glycoproteins. However, there are
important differences which suggest that indeed two distinct
systems are involved (Aminoff, 1977).
(a) The sequestering of asialoaerythrocytes occurs in the
liver and spleen while the asialo-glycoproteins are
removed by the liver only.
(b) The liver cells predominantly involved in the sequestering
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of asialo-glycoproteins are hepatocytes (Morell, 1966, 1971)
while those involved in the erythrocytes' appear to be
predominantly the Kupffer cells. Thus the Kupffer cell lectin
may not be identical to the hepatic lectin even. though they
have similar fine specificity towards galactose.
Although our findings gave information about erythrocyte




Young and old erythrocytes were separated by ultra-
centrifugation. The separation was monitored by assays of
two age - dependent enzymes, namely, cholinesterase, a
membrane bound enzyme, and glucose - 6- phosphate
dehydrogenase, a cytoplasmic enzyme.
Stained blood smears of young and old erythrocytes
were prepared and examined under light microscope for the
study of cell morphology and cell diameter. Cell volume
difference between young and old erythrocytes was determined
by centrifugation of red cells in tnicrocapillary tubes with
known volume markings. Quantitative and qualitative
determinations of both neutral sugars and amino sugars on
young and old erythrocyte surfaces were analyzed by gas
liquid chromatography, while sialic acid was determined by
the thiobarbituric acid method.
A set of five lectins including 9JGA, BPA, RCA- II,
UEA - I and Con A was iodinated to titrate terminal sugar
residues on young and old erythrocyte surfaces. The sub-
terminal sugar adjacent to sialic acid was determined by
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lectin binding assay on neuraminidase treated young and old
erythrocytes. Ghost were prepared for the analyses of
membrane proteins and glycoproteins to study the gradual
changes of membrane macromolecules on erythrocyte during
aging.
The relationship among the decrease in enzymatic
activities, surface area to volume ratio and the morphologi-
cal changes in aged erythrocytes was discussed. The
possible role for the subterminal galactosyl residues on
old cell surface to serve as recognition signals for the
clearance of aged erythrocytes had been suggested and
discussed with relevant data su'.,portii g this hypothesis. The
similarities and differences between models for clearance
of aged erythrocytes and serum asialoglycoproteins were
also compared.
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Part IT Interaction between Pacteriophage 29 and the
Capsular Polysaccharide of Kiebsiella K 31
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ABSTRACT
Escherichia coli capsule bacteriophage 29 which
depolymerizes its host capsular polysaccharide was
found to depolymerize structurally similar Klebsiella
K 31 capsular polysaccharide by splitting the D-





In recent years, studies on a molecular level in
Biology and Immunology have revealed that carbohydrates
are involved in such phenomena as biological recognition,
differentiation and antigenic expression (Hughes and
Sharon, 1978). The specificity results from the
recognition of particular carbohydrate sequences by
complementary sites on proteins.Thus, carbohydrates play
a role as receptor and antigenic determinants in both
procaryotic cells and eukaryotic cells. There is an ever
increasing need for studyin receptors at molecular level
to further our understanding of their structure and
specificity. Among various recognition systems, phage and
phage receptor systems have been studied intensively in
recent years owing to the easy handling of both phage and
its host (Yurewicz et al., 1971; Stirm et al,. 1971;
Thurow et al., 1974; Thurow et al., 1975).
The susceptibility of a bacterium to bacteriophage
infection is primarily dependent on whether or not the
bacteriophage can attach to specific attachment sites,
phage receptors, on the cell (Lindberg » 1 973). A
successful attachment may then be followed by the
penetration of the phage nucleic acid into the cell.
Intracellularly the replication of phage nucleic acid ma;y
follow, ultimately ending in the release of new phage
progeny. Receptor sites for phages can be found in
various regions of a bacterium as follows :
(1) in the capsular or slime layer (Yurewicz &amp;1., 1971;
Thurow et al., 1975)
(2) in the cell wall (Coyette .et ad.., 1968)
(3) in the outer membrane (Wilson et al., 1970)
(4) in association with pili (Crawford e±_ al. , 1964)
and
&gt;
(5) in association with flagella (Schade e± al. , 1967)
Thus, the surface of a bacterium is apparently a mosaic of
different receptor sites each of which is able to form
specific interaction with a particular phage.
Among various types of phage receptors, we would
like to focus our attention to the studies of receptors in
the capsular or slime layer. It is selected because both
phages and bacterial capsules can be prepared in high yield
and in high purity. With the recent advanced techniques,
phage receptors can be analyzed at a molecular level.
Hence the capsular phage - host systems are considered
covenient models for studying the chemical basis of
phage adsorption specificity ( Stirm g_t al. , 1971; Fehrael
JLi al., 1975 ).
Many bacteria are surrounded by a more or less
defined capsular or slime layer ( Luderitz et al., 1968 ),
This capsular layer, by its mere presence, may block the
access of phage to the receptor present in an underlying
cell wall structure, such as the outer membrane of
Gram - negative bacteria or the glycopeptide, v/ith
teichoic acid ( Wu et ale, 1971 ) or C - carbohydrate of
%
Gram - positive bacteria ( Ghuysen &amp;£ al., 1968 ).
Alternatively, it may serve for attachment of some phages
that do not attach to nonencapsulated bacteria ( Chakra-
barty et al., 1967 )• Bacteriophages surrounded by
a translucent halo ( Bessler et al., 1975 ) caused by
the diffusion of a phage induced glycanase from lysed
cells which hydrolyzes the capsular material and exposes
the underlying outer membrane or cell wall. The plaques
of iL coli capsular phage- 29 which are surrounded
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by haloes indicate that this phage possesses a capsule
depolymerase. This capsulolytic enzyme appears to assist
in the penetration of the capsule. The enzyme may also
be concerned in the positioning of the phage on the
surface by reducing the three dimensional process of
phage receptor search to a two dimensional process.
2. Escherichia coli capsule bacteriophage 29 and its
glycanase
Echerichia coli capsule bacteriophage 29 is a small
virus with an isometric head, carrying a base plate with a
set of spikes. Morphologically it belongs to Bradley group
C and is specific for the thick (about 400 nm) capsular
polysaccharide of its host. The phage particles adsorb
neither acapsular host mutant nor, with the exception of
a few specific cross- reactions, to related strains with
capsules of different serotype and chemical structure.
There is a glycanase activity associated with the phage
particles that catalyzes the cleavage of P- D- glucosido
(1-3)- D- glucuronic acid bonds in the glycan of its
host. The active centre of the enzyme is part of the viral
spikes. Of the at least nine different polypeptide chains
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found in the complete virion, three (of 57,000± 3,000,
29,500 2,000 and 13,500± 1,000 daltons) were detected
in detached base plates which have the appearance of six-
pointed stars of about 14 nm in outer diameter, with a
central hole carrying six spikes. Two sizes of polypeptide
chains (57,000 and 20,500 daltons) were found in pure spikes
They are cylindrical particles of about 14.5 to 15 nm in
length and 5 nm in diameter. Phage 29 spike preparations
were found to have a molecular weight of 245,000 daltons
as determined f-oT:m the sedimentation equilibrium, and to
contain eouimolar amounts of the two 'polypeptides,
probably three sets of each per spike. The arnino acid
analysis of the isolated spikes revealed that aspartic acid,
alanine, serine and glycine are their dominant constituents
no amino sugars or other carbohydrates were detected in
the preparations. The enzyme has the isoelectric point of
4.5( Rieger .may. 1975). The optimal conditions for this
enzyme to work is by placing it in physiological buffered
saline, pH 7.at 37°C. No divalent ions are needed (Fehmel
et al., 1975).
3. Purpose of study
Bacteriophages generally infect a restricted range
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of related host bacteria only. This specificity is
largely, but by no means exclusively, due to the fact
that for initiation of infection the viruses demand
different chemical structures in the outer regions of the
host cell surface- the bacteriophage.receptors (Lind:-
berg, 1973). The glycanase of E. colt capsule phage 29
enables the bacteriophage to recognize the host polysacch-
aride and to carry out at least the very first phase of
virus- host interaction. The viral glycanase was found to
be highly specific besides the host glycan it has no
interaction with a large number of other bacterial capsular
glycans. However one enzymatic cross- reaction with the
K1e s le K 31 polysaccharide was observed (Choy et al.,
1975). Since the structures of both E. colt K 29 and
Klebsiella K 31 polysaccharide are now known (Choy et al.,
197.5 Cheng at Al., 19?9), in order to gain further
insight into the diversity and substrate specificity of the
E. coli K 29 bacteriophage- borne glycos idase, we
have examined the action of this phage on Klebsi_ella K 31
capsular -Dolvsaccharide.
II. MATERIALS AND METHODS
General techniques for handling bacteria and bacteriophages
were described by Adams (1959) and Eisenstark (1967)#
1. Bacteriophage and bacteria
E.coli capsular bacteriophage 29 and the serological
test - strains for the K~) ehsjel 1 a K 31 (6253) and Esr,her.i r,luLa
coli Bi 161/42 (09 ' K 29 A : H ) were used. All stocks
were obtained from Professor St?rm.
2. Media and chemicals
V/orfel - Ferguson agar (Bifco Lab. U.S.A.) was used for
plates; and dialyzable P - medium ( Stirm ei al., 1971 )
for fluid cultures. Dialyzable P - medium was prepared as
follovjs : Stock solution I contained 25 g of D - glucose
in one litre of water. Stock solution II contained 6.25 g
of casamino acid (Bifco B230), 0.4 g of L - tryptophan
(Sigma), 0.3 g of L - cysteine (Sigma), 2.5 g of KHPO^,
15.6 g of Na^HPO^ • 12 H^O, 1.3 g of NH^Cl, and 0.01 g
of gelatin in one litre. Stock solution III contained 3*0 g
of MgSO^. 7 H^O and 0.01 g of FeSO^ in 100 ml; and
Stock solution IV contained 0.5 g of Ca.Cl^ in 10 ml. They
were sterilized separately and stored at 4°C. Before use,
they were mixed in the volume proportions 20 : 80 : 1 :
0.1, and adjusted to pH 7*2.
Suspension buffer for bacteriophage 29 dilution
contained 0.006 M Tris (pll 7.9), 0.001 M MgSO^, 0.07 M
NaCl and 0.009 % gelatin in water.
Top agar and bottom agar for phage assay contained
0.7 % and 1.1 % Worfel - Ferguson agar enriched with
a
Worfel - Ferguson broth.
3• Propagation and concentration of bacteriophage 29
Large batches of phages were prepared in liquid
culture ( Rieger p_t al. , *1979 ')• Host bacteria, E_. coli
Bi 161/42, were grown in dialyzable P - medium at 37°C
under strong aeration with stirring to an optical density
(O.D.) of 0.6 at 660 nm (1-cra cell). The culture contained
about 2 x 10 bacteria per mi, and was infected with
about 3 RHU (plaque forming unit) of phage 29 per bacterium.
After lysis, which occurred about 20 to J&gt;0 minutes later,
the incubation was continued for another 60 minutes. The
«
bacterial debris and secondary growth were removed by
centrifugation (20 minutes) at 9,000 g. From the lysates,
the phage particles were concentrated by polyethylene
glycol precipitation ( Yamanoto et al., 1970 ).
In this case 0,5 H NaCl and 10 % polyethylene glycol
6,000 (wt/vol) were added to the clarified lysates. After
storage at Vc for 48 hours, the phage particles
were centrifuged at 20,000 g for 30 minutes in a Sorvall
superspeed RC - 2 refrigerated centrifuge. The pellets
were taken up in as little PBS as possible. The concentrated
phages were dialyzed against PBS to remove the polyethylene
glycol (PEG) and stored over chloroform at 4°C.
4. Isolation of capsular polysaccharide
Both E. coli Bi 161/42 and Klebsiella K 3V6285 were
grown on Worfel - Ferguson agar plate for optimal capsule
production. After a 3 day ~ incubation at 37"0, the cell
was washed with 1 % (wt/vdl) phenol and centrifuged at
24,000 rpm for 30 minutes by Beckman L5 ultracentrifuge
equipped with a SV/I 25 rotor. The capsular polysaccharide
wh-ich is soluble in the supernatant was precipitated with
cold absolute ethanol and was purified by fractional
cetavlon precipitation ( Westphal ejt ^JL., 1965 )• The
purified products were then lyophilized and stored in
• •
desiccator.
5. Depolymerization of the capsular polysaccharide bv
phage partigIjzil
A solution of 100 mg polysaccharide in 50 ml of
PBS (pH 7*0) containing 5 x 10^ PFU of phage particles
per ml was incubated for 2k hours at 37°C.
The degree of depolymerization was followed by
(a) the drop in viscosity when the reaction was, run in
an Ostwald viscometer at 37°C and measuring the
efflux time at interval ;
(b) the increase in reducing power by adding potassium
ferricyanide reagent (0*5 g of Fe(CN)^ in one
litre of 0*5 M Na^CO^) ( Iraoto at al., 1971 )
aliquots withdravm consecutively from the reaction
»
mixture, and reading the extinction at k20 nm after
20 minutes at 100°C (using D - glucose as a
standard).
6* Purification of depolyrnerized products
The depolyraerized products were first desalted by
passing through a Sephadex G10 column (length, 80 cm;
2
area, 7 cm ) and eluting with a volatile buffer (pyridine -
glacial acetic acid - H^O, 10 / A / 1000, vol / vol / vol,
pH 4.5)* Fractions were analyzed for carbohydrate by the
phenol - sulphuric acid reagent ( Dubois et.ai,, 1956 )*
The K y\ oligosaccharides appeared in the void volume;
they were pooled and lyophilized. The desalted mixture
of depolymerized products was taken up in 2 ml of a
0.05 M Tris « hydrochloride buffer, pH 7* containing 0.2 M
NaCl, and absorbed to a DEAE - Sephadex column (length,
2
50 era; area, 7 cm ; flow rate, ml/hour)* After washing
with the same buffer, the oligosaccharides were eluted with
a 0.2 to 0.*f M linear NaCl gradient. The split products
were separated into pentasaccharide, decasaccharide and
pentadecasaccharide. Each peak fractions were pooled,
desalted by passage through Sephadex G10 as above, and
lyophilized*
7© Qualitative and quantitative constituent analyses
For qualitative analyses of the constituents in
Klebsiella K 31 polysaccharide and the depolymerized
products, the materials in 2N HC1 were hydrolyzed for
18 hours at 110°C, and the acid was removed by rotatory%
evaporation. Descending paper chromatography (PC) on
Whatman No. 1 paper with ethyl acetate - pyridine - H^O
(k / 1 / 1, vol / vol / vol) as an irrigant was used.
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The staining method of Trenelyan a.. (1950) was employed
for the identification of sugars. Glucuronic acid was
assayed qualitatively by high voltage paper electrophoresis.
For the quantitative determination of neutral sugars,
the method of Sawar. deker (1965) was used. 1 mg of
the material, after hydrolysis at the above mentioned
conditions was neutralized with Dowex- 1 x 8- HCO3 a' Then
5 mg of sodium borohydride was added and stored overnight
at room temperature. The excess borohydride was destroyed
by addition of one drop of glacial acetic acid. The sodium
ions were removed with Dowex 50/11+ and the boric acid was
removed by repeated evaporation with distilled methanol.
The dry alditols were taken up in 0.5 ml of pyridine-
acetic anhydride (1/ 1, vol/ vol) and the mixture was
heated to 100°C for 15 minutes. Upon. evaporation to dry-
ness, the alditol acetate was dissolved in chloroform and
and analyzed by a Hewlett- Packard Model 402E gas chrorna-
.tography system equipped with a dual- flame ionization
detector with a single channel electrometer and U-shaped
glass columns (?2.by 1/4 inch) packed with gas chrom Q,
100/ 120 mesh, precoated with 3% ECNSS M (Applied
Sci. Lab.). The chromatography was carried aut isothermally
at 180°C with an injection port temperature of 250°C
and a detector temperature of 280°C. The carrier gas was
nitrogen. Glucuronic acid was estimated by the carbazole -
sulphuric acid method.
8. Identification of reducing end angars in the depoly-
merized products
The reducing end sugar was determined by the method
of Yamaguchi and Makinok £± _aJL. (1977) with slight
modifications. The oligosaccharide was first reduced
with sodium borohydride and then hydrolyzed v;ith methanolic
HC1 for 8 ■- 10 hours with continuous reflux. The derived
hexitol was analyzed by g.l.c. of the alditol acetate.
III. RESULTS
1. Propagation and concentration of bacteriophage 29
Phage 29 particles were propagated on its host
E.. coli Bi 161/^2 (09 : K 29 A ; fi") in sterilized
P medium at 37°C. It was then concentrated by PEG
precipitation method. The results were summarized in
Table 1.
2. Depolymerizatlon of isolated Klebsiella K "51
capsular polysaccharide by phage 29 -particles
The ability of the phage 29 glycanase to depoly-
merize jn ebsiella K 31 polysaccharide was demonstrated
by the drop in viscosity and the increase in reducing
power as summarized in Fig. 1 and Table 2.
3. Analyses of Klebsiella K 31 capsular polysaccharide
and the phage degraded products
The quantitative sugar constituent analyses of
K1ebsiella K 31 polysaccharide before and after phage
depolymerization were summarized in Table 3*
Table 1 Concentration and yield of phage 29
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Fig. 1 Loss of viscosity (©—©—"©) and increase in
reducing power (O—O—O, glucose equivalents, umole
per 0.1 ml) during incubation of bacteriophage 29







































(ml / g) was determined.at 37 C in
PBS, using an Ostwald viscometer
Table 3 Monosaccharide analysis of capsular
polysaccharide of Klebsiella K 31 before and after
phage action


















Determination by g.l.c* as their alditol acetates
(Sawardeker et al., 1965) - •
Determination by the carbazole - -sulphuric acid method
(Dische , 1962)
The results showed that the oligosaccharide split products
have the same quantitative composition as the polymers.
h• Identification of reducing end sugars in the phage
-depolymerized products
The reducing end sugar was analyzed by g.l.c. of the
alditol acetate. The retention time of^neutral sugar
standard, reducing end sugar of lactose and depolymerized
oligosaccharide were summarized in Table 4.
The reducing end sugar of lactose was determined
under the same condition as that of phage depolymerized
ft
oligosaccharide• The result suggested that g3-Ucose is the
reducing end sugar of the phage depolymerized oligosacch¬
aride.
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Table 4 The relative retention time of neutral
sugar standard and sugar of phage deradedroducts












Average of five determinations
IV. DISCUSSION
1. Cleavage site generated by phage 29 on the capsular
polysaccharide of Klebsiella K V\
The reducing end sugar analysis shows that glucose
serves as the reducing end sugar of the phage depolymeri-
zed polysaccharide. This gives rise to two possible
cleavage sites on the polysaccharide because there are
two glucose residues per repeating unit of K1 eh.q-i e'11 a K 3^
capsular polysaccharide. One is present on the main chain
while the other is located at the side chain. The results
suggest that no branch but only the chain linkages marked
with arrow in Fig. 2-* is hydrolyzed by the action of the
bacteriophage - borne glycosidase. Data supporting this
suggestion are summarized as follows :
(a) The phage depolymerized polysaccharide showed the same
quantitative sugar composition as the polymer. This can
be achieved only when the main chain glucosidic
linkage was cleaved. If the side chain glucosidic '
linkages were cleaved, two types of phage depolymerized
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Fig.2. Structure of Capsular Polysaccharide
Klebsiella K31. The arrow represents
the site of hydrolysis by Eh_ coli
Capsular Bacteriophage 29.
ratio of pyruvate : glucose = 1:1, v/hile the other
having glucose : glucuronic acid : galactose : raannose
= 1 : 1 : 1 : 1• In fact, only penta, deca and penta -
decasaccharide repeating units were obtained.
(b) If only the side chain glucosidic linkages were cleaved,
drastic decrease in viscosity upon phage 29 action
should not be observed. In the actual case, a significant\
decrease in viscosity was observed within a short period
of time after mixing the phage with the capsular
polysaccharide. This suggests that the glucosidic linkages
on the main chain rather than on the side chain are
cleaved by phage glycanase.
2. Comparison of the action of E. coli capsular bacteriophage
2Q on its host and Klebsiella K 31 capsular polysaccharide
Since phage 29 can depolyraerize both the polysaccharides
of E. noli 29 and Klebsiella K 31 i it is interested to compare
the action of phage 29 on both polysaccharides. The data are
summarized in Table 5*
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Table 5 Comparison of the action of,E cols capsular
bacteriophage 29 on its host and Klebsie1lq K 31 capsular
Polyscharide
Capsular Polysaccharide
E. cola K 29 Klebiella K 31
Before After
Before After phage action phage action
Nonosa ..har ide analysis
(Molar ratio)
Glucose 2 2 2 2
Galactose 0.93 1 1 I
.L4annosec 2.09 2 1 1




(fag, equivalent to 1600 15 101060
1,ug glucose)
Reducing end sugar Glucose Glucose
a Data from Choy et al. (1975)
b Data from Fehmel dal,. (1975)
Determination by g.l.c. as their alditol acetates
(Sawardeker et al., 1965)
d Determined by the carbazole- sulphuric acid method
(Dische, 1962.)
was determined at 37C in PBS,
using an Ostwald viscometer
z Determined by the method of Imoto et al. (1971), using
glucose as standard
The structures of both E, £_oli K 29 and Klebsiella.
K 31 polysaccharides are now known ( Choy .et al. , 1975;
Cheng et al. , 1979 )* The results suggest that in both
capsular polysaccharides of E# coli 29 and Klebsiella K 31,
p - D - Glucosido - (1-^3) - D - Glucuronic acid bonds are
cleaved exclusively.
3, Substrate specificity of phage 29
coli phage 29 glycanase is highly specific; even
in the case for its host glycan, it does not tolerate the
removal of the pyruvate ketal or the reduction of the
glucuronic acid residues in the substrate ( Fehmel et al,,¥
1975 )• Of the eighty-two heterologous bacterial glycans
so far tested by Stirm, only K1ahsialia K 31 capsular
polysaccharide is depolymerized by the £. coli phage 29«
For the evaluation of the substrate specificity of phage 29
glycanase, the structure of those polymers that are depoly¬
merized. by phage 29, as veil as structure of partially
homologous bacterial capsular polysaccharide not depolymerized
by phage are compiled in Table 6,
Comparing the structures of capsular polysaccharides
of coli K 29 and K1ebsiel 1 a K 31, we observed that
%Table 6 Structural comparison of partially homologous bacterial capsular polysaccharides which are depolymerized
or not depolymerized by phage 29. Arrow indicates site of phage action.
polysaccharide structure
E. coli, serotype 29
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D-Gal£
a l{ k
3) -D-Glc£- (1-0)-D-C1cUA£- (1-^3) —D—Ga l£
they have identical side chains whereas the main chain
of the latter differs by having one fewer D - mannose
and varies in two anomeric linkages. The phage glycanase
can split the p - D - Glucosido - (1-^3) - 2) -
glucuronic acid bonds. On the other hand, both the cap¬
sular polysaccharide of pneumococcns type III and
Klebsiella type 11 which contain the same glucosidic
linkage on the main chain but differ in side chain
structure, i.e. one with no side chain while the other
having a shorter side chain compared with the structure
of E. coli K 29 and Klebsiella K 31i cannot be depoly-
merized by phage 29* This strongly suggests that the
side chain structure of the capsular polysaccharide is
important in phage glycanase recognition.
In conclusion, E. coli phage glycanase is highly
specific. Only capsular glycan of both JE. jucili. K 29 and
Klebsiella K 31 having similar conformation and
providing similar environment for the phage glycanase
can be denolvmerized.
SUMMARY
Interaction between Escherichia coli capsule
bacteriophage 29 and Klebsiella K capsular
polysaccharides have been studied.
Bacterial capsular polysaccharide of Klebsiella
K 31• prepared by phenol - water extraction and purified
by cetavlon fractional precipitation, was subjected to
phage depolymerization. The whole process was monitored
by both the decrease in viscosity and the increase in
reducing power. The constituents and the reducing end
sugar of the phage depolyraerized products, after
separation and purification by passing through a DEAE -
Sephadex column, were analyzed and determined by the
gas - liquid chromatographic method. The p- D - gluco-
sido ( 1-^3 ) - D - glucuronic acid bonds in the main
chain of Klebsiella K capsular polysaccharide were
found to be split by the phage glycanase. This cleavage
site is the same as that on the capsular polysaccharide
of Jk. coli 29. The specificity of this glycanase on
several structurally similar capsular polysaccharides
was discussed.
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GENERAL SUMMARY
From the lectin binding studies and the total
carbohydrate analyses of young and old erythrocytes, we
conclude that the subterminal galactosyl residues on cell
surface may serve as a recognition signal for the clearance
of aged erythrocytes. The abundance of galactosyl residues
on erythrocyte surface and the magnitude of exposure of
galactosyl moieties after removal of terminal sialic acid
demonstrate the ingenious design in the biochemical
recognition system. On the other hand, our studies on phage
glycanase indicate that it is highly specific. Only the
p - D - glucosido (1 3) - D - glucuronic acid linkage on
the capsule of Klebsiella K y\1 the same linkage on the
capsule of Escherichia coli 29, can be splitted by phage 29
glycanase. Studies on these two recognition systems
illustrate that complex carbohydrates play an important
role in recognition and the recognition system functions in
a hic'hlv specific manner.


